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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to DNA coding for a mutant a-isopropylnnalate synthase. Also, the present 
invention relates to an L-leudne-producing nnicroorganism having the nnutant a-isopropylmalate synthase, and a 
method for producing L-leucine by using the microorganism. L-Leucine is an essential amino acid which can be used 
as a nutritious additive for food or feed, reagents or materials for medical treatment, pharmaceutical or chemical indus- 
try, or a growth factor used for production of other amino acids such as lysine. 

10 [0002] In the past, L-leucine have been produced by a method of fermentation primarily using microorganisms 
belonging to the genus Brevibacterium, Corynebacterium or Senatia or mutants thereof which, produce L-leucine 
(Amino acid fermentation, JAPAN SCIENTIFIC SOCIETY'S PRESS, pp.397-422, 1986). 

[0003] The highest level of L-leucine accumulation was obtained when using Brevibacterium flavum VKPM B-2736: 
this strain produces L-leucine at a concentration up to 26 g/L on sucrose-containing media for 72 h of fermentation in a 
15 laboratory fermenter (USSR Author Certificate 139471 1). And Brevibacterium tactofermentum 34 produces L-leucine 
up to 34 g/L on a medium with glucdse (Appl. Environ.' Microbiol., 51 , p.1 024 (1 986)). 

[0004] As described above, the productivity of L-leucine has been improved to some extent, however, the develop- 
ment of a more efficient and cost-effective method for producing L-leucine is required in order to. meet increasing 
demand for L-ieucine in the future: 
20 [0005] On the other hand, microorganisms belonging to the genus Escherichia is potentially utilized as a potent L- 
leucine-producing bacteria due to its rapid growth rate, prominent data obtained from genetic analysis and plentiful 
genetic materials. However, there are few reports which disclose the production of L-leucine using bacteria belonging 
to the genus Escherichia. 

[0006] As L-leucine-producing bacterial strains of the genus Escherichia, a strain which is resistant to p-thienyla- 
25 lanine, a strain which is resistant to p-thienylalanine and p-hydroxyleucine (Japanese Patent Publication No. 62-34397 
(1987) for the above) and a strain which is resistant to 4-azaleucine or 5,5,5-trifluoroleucine (Japanese Patent Applica- 
tion Laid-open No. 8-70879 (1 996)) are known. 

[0007] However, there has been known neither L-leucine-resistant bacteria belonging to the genus Escherichia nor 
a relation between L-ieucine resistance and a productivity of L-leucine. , 
30 ... 
SUMIVIARY OF THE INVENTION 

[0008] The present invention has been made from the aforementioned viewpoint, an object of which is to improve 
a productivity of L-leucine of bacterium belonging to the genus Eschericfiia and to provide an efficient and cost-effective 
35 method for producing L-leucine. 

[0009] As a result of diligent investigation in order to achieve the aforementioned object, the present inventors have 
found that desensitization of feedback inhibition by L-leucine of a-isopropylmalate synthase (hereinafter abbreviated as 
IPMS) contributes to the productivity of L-leucine, and completed the present invention. 

[0010] The present invention provides a polypeptide being a variant of the amino acid sequence shown In SEQ ID 
40 NO: 2, said variant having an a-isopropylmalate synthase activity and showing decreased feedback inhibition of the 
activity by L-leucine. That is, the degree of feeback inhibition of the variant is lower than the degree of feedback inhibi- 
tion of the polypeptide shown in SEQ ID NO: 2, i.e. a wild type polypeptide derived from a microorganism of the genus 
Escherichia, 

[0011] The polypeptide of the present invention preferably allows the production of L-leucine in a microorganism 
45 containing said polypeptide. This means that the presence of said polypeptide in a microorganism, that is no producer 
of L-leucine, renders this microorganism a producer of L-leucine. Furthermore, the presence of the polypeptide of the 
invention in an L-leucine producing microorganism increases the productivity of L-leucine of said microorganism. In a 
preferred embodiment of the present invention, the polypeptide allows the production of at least 0.3 g/1 of L-leucine after 
48 hours of cultivation at 32 *C in a mteroorganism that does not produce L-leucine when it does not contain said 
50 polypeptide. 

[0012] The polypeptide of the present invention preferably shows such a degree of feedback inhibition that the leu- 
cine concentration causing 50 % inhibition (I50) of the a-isopropylmalate synthase activity is at least 7 times the con- 
centration of leucine causing 50 % inhibition of the wild type polypeptide. In an embodiment of the present invention, 
the I50 value is higher than 0.2 mM, preferably at least 1 .4 mM. 
55 [0013] The specific activity of the polypeptide of the present invention is preferably equal to or higher than the spe- 
cific activity of the wild type polypeptide. The specific activity is preferably at least 9 nmol/(min x ng protein). The varia- 
tions in the polypeptide of the present invention comprise a substitution, deletion, insertion and/or addition of one or 
more amino acid residue(s) compared to the polypeptide shown in SEQ ID NO: 2. 
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(001 4] The present invention provides a protein of the following (A) or (B) and a DNA coding for said protein (here- 
inafter also refen^ed to as DNA of the present invention): 

(A) a protein having an annino acid sequence shown in SEQ ID NO: 2 which has a substitution selected fronr^ the 
5 following (a) to (e): 

(a) a substitution of another amino acid residue for a threonine residue at position 482, 

(b) a substitution of another amino acid residue tor a glutamic acid residue at position 386, 

(c) a substitution of another amino acid residue for a proline residue at position 428, 

10 (d) a substitution of another amino acid residue for a glycine residue at position 479, and 

(e) a substitution of another amino acid residue for a glycine residue at position 462, 

(B) a protein having the amino acid sequence of the protein of (A), which sequence has dejetion, substitution, inser- 
tion or addition of one or a few amino acid residues. It is preferred that said protein of 

IS (B) has a feedback inhibition of the activity by L-leucine being desensitized equivaiently to that of the protein of (A), 
i.e. that the variations of (B) do not essentially affect the degree of feedback Inhibition of the protein of (A). 

[0015] The DNA of the present invention is preferably one In which the substitution is a substitution selected from 
the following (a') to, (e'): - 

^ . -.-^ • - • ' - . • , - • ■ - 

(a*) a substitution of an isoleucine residue.for a threonine residue at position 482, 

(b') a substitution of a lysine residue for a glutamic acid residue at position 386, 

(c*) a substitution of a leucine residue for a proline residue at position 428, - 

(d') a substitution of a cysteine residue for a glycine residue at position 479, and 
25 (e') a substitution of an aspartic acid residue for a glycine residue at position 462. 

[001 6] Specific examples of the DNA of the present invention include ones which has a nucleotide sequence shown 
in SEQ ID NO: 1 » which sequence has a mutation selected from the following (i) to (v): 

30 (i) a mutation of cytosine at position 1445 to thymine, 
(H) a mutation of guanine at position 1 156 to adenine, 
(iii) a mutation of cytosine at. position 1283 to thymine. >• 
(rv) a mutation of guanine at position 1435 to thymine, and 
(v) a mutation of guanine at position 1385 to adenine., 

35 y ^ if-,. - ■ ■ - - • . .... , . . 

[0017] . .The: present invention also . provides a microorganism which is transformed with the DNA of the present 
invention, and.has an ability to produce L-leudne (hereinafter, also. referred to as "mteroorganism of the present inven- 
tion"). The microorganism of the present invention preferably belongs to the genus Escherichia, The microorganism of 
the present.invention is more preferably is Escherichia coli. 
40 [0018] The present invention further provides a method for producing L-leucine, comprising the steps of: 

cuituring the bacterium of the present Invention in a culture medium to produce and accumulate L-teucine in the 
medium, and 

recovering L-leucine from the medium. 

DETAILED DESCRil^TION OF THE INVENTION 

[0019], The present invention will be explained in detail below. 

50 (1) DNA of the present invention . 

[0020]:r The DNA of the present invention has a mutation to desensitize feedback inhibition by L-leucine of IPMS 
encoded by the DNA. in a. DNA coding for a wild type IPMS. . .. , : 

[0021] . The phrase "feedback inhibition by L-lysine is desensitized** means that the degree of the feedback inhibition 
55 is lowered. The lowering of the degree of feedback inhibition can be determined by measuring lowering of the IpMS , 
activity by L-leucine and comparing it with that of a wild strain or a parent strain. 

[0022] - IPMS is exemplified by those originating from bacteria belonging to the genus Escherichia, especially IPMS 
originating from £. co//. The mutation of IPMS to desensitize feedback inhibition by L-leucine is exemplified by the fol- 
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lowing 'substitutions (a) to (e) in the amino acid sequence shown SEQ ID NO: 2: 

(a) a substitution of another amino acid residue for a threonine residue at position 482, 

(b) a substitution of another amino acid residue for a glutamic acid residue at position 386, 
5 (c) a substitution of another amino acid residue for a proline residue at position 428, 

(d) a substitution of another amino acid residue for a glycine residue at position 479, and 

(e) a substitution of another amino acid residue for a glycine residue at position 462. 

[0023] The substitutions preferably are the following (a*) to (e*): 

10 ' • ■ - - * 

(a') a substitution of an isoleucine residue for a threonine residue at position 482, 

(b*) a substitution of a lysine residue for a glutamic acid residue at position 386, 

(c*) a substitution of a leucine residue for a proline residue at position 428, 

(d') a substitution of a cysteine residue for a glycine residue at position 479, and ' 
IS (e') a substitution of an aspartic acid residue for a glycine residue at position 462. 

[0024] The DNA coding for the wild type tPMS is exemplified by one coding for IPMS originating from a bacterium 
belonging to the genus Escherichia. It'is specifically exemplified by a DNA coding for an amino acid sequence shown 
in SEQ ID NO: 2, and is further specifically exemplified by a nucleotide sequence shown in SEQ ID NO: 1. In these 

20 sequences, those having the mutation in nucleotide sequence to cause the substitutions of amino acid residues 
described above are included in the DNA of the present Invention. Any codon corresponding to the substituted amino 
acid residue is available irrelevantly to its kind, provided that it codes for the identical amino acid residue. 
[0025] Specific examples of the DNA of the present invention include ones which has a nucleotide sequence shown 
in SEC ID NO: 1 , which sequence has a mutation selected from the following'(i) to* (v): 

25 ' . . . : ^ ■'. : . • ; 

(i) a mutation of cytosine at position 1445 to thymine, 

(ii) a rhutation of guanine at position 1156 to adenine, ' ' '-^ 

(iii) a mutation of cytosine at position 1283 to thymine. 

(iv) a mutation of guanine at position 1435 to thymine, and 
30 (v) a mutation of guanine at position 1385 to adenine. 

[0026] Further, it is postulated that a possessed IPMS is slightly different in sequence depending on difference in 
bacterial species and bacterial strain, however. DNAs coding for those having replacement, deletion or insertion of 
amino acid residue(s) at position(s) irrelevant to the enzyme activity are also included in DNA of the present invention. 

35 In other words, a DNA coding for a protein having the amino acid sequence of the mutant IPMS, which sequence has 
deletion, substitution, insertion or addition of one or a few amiho acid residues, said protein having an IPMS activity and 
feedback inhibition of the activity- by L-leucirie being desensitized equivalently to that of the mutant IPMS, is also' 
included in the DN A of the present invention. Such the DNA Includes those having mutations which may naturally occur 
such as mutations based on differences between individuals, speciies and genera of microorganisms having IPMS 

40 (mutants or variants). ' ^ ^ i : 

[0027] A method for obtaining a DNA coding for the mutant I PMS is as follows. 

(1) Preparation of wild type IPMS gene 

45 [0028] A donor microorganism for the DNA containing the wild type IPMS gene or the IPMS gene having another 
mutation described above, is preferably exemplified by a microorganism belonging to the genus Escherichia. Specifi- 
cally, it is possible to utilize those described in a book written by Neidhardt et al. {Neidhardt, R C. et al., Escherichia coii 
and Salmonella Typhimurium, American Society for Microbiology, Washington D. C, 1208, table 1 ). For example, E. coli 
strains K-12, JM109, and MCI 061 are exemplified. When a wild strain is used as a donor microorganism for a DNA con- 
so taining a IPMS gene, a DNA containing a wild type IPMS gene can be obtained. - . o., - , ^ 
[0029] An example of preparation of a DNA containing a IPMS gene will be described below. At first, E. coii having 
wild type IPMS gene, for example, strain K-12. is cultivated to obtain a culture. When the microorganism described 
above is cultivated, cultivation may be perfomied in accordance with an ordinary solid culture method, however, culti- 
vation is preferably perfomned by adopting a liquid culture method considering efficiency during collection of the bacte- 
55 rium.' A mediuni may be used In which one or more nitrogen sources such as yeast extract, peptone, meat extract, corn 
steep liquor and exudate of soybean or wheat are added with one or more inorganic salts such as potassium dihydro- 
"genphosphate, dipotassium hydrogenphosphate, magnesium sulfate, sodium chloride, magnesium chloride, ferric chio- ' 
ride, ferric sulfate or manganese sulfate, and further optionally' and adequately added with sugar materials, vitamins 
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25 



or stationary culture or the like. , ^ . ^ * u»«s« « neiiat of 

'"E 'obtained DNA fragments are ligated with a vector DNA autonomously replicable in cells of bacteria 

. EioaJr^^o^rroronhefactw^ 

aSy harbors recombinant DNA in which the IPMS gene is cloned can be achieved by P^panng a ceHular ex^rart 

rc««i<mtn«l»ot«l«l«r«inJe!o«»<lc«=ov.»yrt».™ol,lo..x.mpl.,amstho<lolPGm^ 



5 



EP1 067 191 A2 



method designated by the supplier. 

[0039] With respect to the iPMS gene amplified by the PGR method, operations such as introduction of mutation 
into the IPMS gene become easy, when it is ligated with a vector DNA autonomously replicable in cells of bacteria 
belonging to the genus Escherichia, and introduced into celts of bacteria belonging to the genus Escherichia, The vec> 
5 tor DNA to be used, the transfonnation method, and the confirmation method for the presence of the IPMS gene are 
the same as those in the aforementioned procedure. 

[0040] Reports on isolation of the IPMS gene include Hertberg, K.M. et at., Gene, 8, 135-1 52(1 980), Davis, M.G. 
et at.. J. Bacteriol., 129, 1 078-1 090(1 977) and the like. 

[0041 ] The method for obtaining the IPMS gene as mentioned above may be used for obtaining mutant genes when 
10 a microorganism having a wild type IPMS Is subjected to mutagenesis to produce a mutant strain producing a mutant 
IPMS and a mutant gene is obtained from the mutant strain. 

(2) Introduction of mutation into IPMS gene 

75 [0042] The method for carrying out mutation such as substitution, insertion and deletion of amino acid residues is 
exemplified by a recombinant PGR method (Higuchi, R., 61, in PGR Technology (Eriich, H. A. Eds.; Stockton press 
(1 989))), and a site specific mutagenesis method (Kramer, W. and Frits, H. J., Meth. in Enzymol., 154, 350 (1 987); Kun- 
ket T. A. et al., Meth. in EnzymoK; 154, 367 (1987)). Aimed mutation can be caused at an aimed site l:yy using these 
methods. ■ ■ 

20 [0043] ' Further, according to chemical synthesis of an aimed gene, it is possible to introduce mutation or random 
mutation into an aimed site. 

[0044] < Further, a method is available In which the IPMS gene on chromosome or plasmld is directly treated with 
hydroxylahnine (Hashimoto, T. and Sekiguchi, M. J. Bacteriol., 159, 1039 (1984)). Alternatively, it is acceptable to use a 
method in which a bacterium belonging to the genus Escherichia having the IPMS gene is irradiated by ultraviolet light,' 
25 or a method based on a treatment with a chemical agent such as N-methyl-N -nitrosoguanidine or nitrous acid. Accord- 
ing to these methods, mutation can be introduced randomly. 

[0045] With respect to a selection method for the mutant gene, recombinant DNA comprising a DNA fragment con- 
taining the IPMS gene and vector DNA is at first directly subjected to a mutation treatment with hydroxylamine or the 
like, which is used to transform, for example, an E. coli strain W31'1 0. Next, transformed strains are cultivated on a min- ' 

30 imal medium such as M9 containing 4-aza-D,L-teucine or 3-hydroxy-D,L-leucine as an analog of L-teucine. Strains har- 
boring recombinant DNA containing the wild type IPMS gene cannot synthesize L-leucine and are suppressed in 
growth because IPMS expressed from the recombinant DNA is inhibited by the analog of L-leucine. On the contrary, a 
strain harboring recombinant DNA' containing the IPMS gene in which inhibition by-L-leucine is^ desensitized has a 
mutant enzyme encoded by the IPMS gene in the aforementioned recombinant DNA which is not inhibited by the ana- 

35 log of L-leucine Thus it should be capable of growth on the minimal medium in which the analog of L-leucine is added. 
This phenomenon can be utilized to select a strain which is resistant in growth to the analog of L-leucine, that is a strain > 
harboring recombinant DNA containing a mutant IPMS gene in which inhibition is desensitized. : ^ 
[0046] The mutant gene thus obtained may be introduced as a recombinant DNA into a suitable host microorgan- 
ism, and expressed. Thus a microorganism can be obtained which harbors IPMS being desensitized to feedback inhi- 

40 bition. The host Is preferably a microorganism belonging to the genus Escherichia, for which E. coli is exemplified. 
[0047] Alternatively, a mutant IPMS gene fragment may be taken out from the recombinant DNA, and inserted into 
another vector to make use. The vector DNA which can be used in the present invention is preferably plasmid vector 
DNA, for which there are exempHfied pUC1 9, pUCI 8; pBR322. pHSG299, pHSG298, pHSG399, pHSG398, RSF1 01 0, 
pMW1 1 9. pMW1 1 8, pMW21 9 and pMW21 8. Besides,- vectors of phage DNA can be also utilized. 

45 [0048] Further, in order to express the mutant IPMS gene efficiently, another promoter which works in microorgan- 
isms such as lac, trp and PL may be ligated upstream from a DNA sequence coding for the mutant IPMS, or a promoter- 
contained in the IPMS gene may be used as it is, or after amplifying the promoter. - - 

[0049] In addition, as described above, the mutant gene may be inserted into an autonomously replicable vector 
DNA, which is inserted into a host, and allowed to be harbored by the host as extrachromosomal DNA such as a plas- 
50 mid. Alternatively, the mutant gene may be integrated into chromosome of a host microorganism by a method using 
transduction, transposon (Berg, D. E. and Berg, C. M., Bio/Technol., 1, 417 (1983)), Mu phage (Japanese Patent Laid- 
open No. 2-109985) or homologous recombination (Experiments in -Molecular Genetics, Gold Spring Harbor Lab. 
(1972)). . : . . . . . 

55 (2> Microorganism of the present invention 

X0050] The microorganism of the present invention is the microorganism which is transformed with the DNA of the 
present invention and has an ability to produce L-leucine. 



6 



EP 1 067 191 A2 



IS 



20 



25 



[0051] The transformation by the DNA of the present invention may be carried out in accordance with conventional 
and known transfomiation methods. For example, a fragment including the DNA of the present invention is ligated with 
a vector which functions in a host (microorganism to be transformed) to prepare a recombinant DNA, and the recom- 
binant DNA is introduced in the host The vector may be suitably selected depending on the host. The introduction of 
the recombinant DNA in accordance with conventional and known methods. For example, it is possible to use a method 
in which recipient cells are treated with calcium chloride to increase permeability of DNA as reported for Escherichia 
con K-12 (Mandel. M. and Higa, A., J. Mol. Biol.,.53, ,159 (1970)), and a method in which competent cells are prepared 
from cells at a proliferating stage to introduce DNA thereinto as reported for BBciiius subUlis (Duncan, C. H., Wilson, G. 
A and Yound F. E^, Gene. 1 , 153 (1977)). Alternatively, it is also possible to apply a method in which DNA recipient cells 
are converted.! nto a state of protoplasts or spheroptasts which easily incorporate recombinant DNA to introduce recom- 
binant DNA into DNA recipients as.known for Badilus subf//fS..actinonriycetes, and yeast (Chang, S and Choen. S. N.. 
Molec Gen Genet 168 11 1 (1979); Bibb, M. J., Ward. J. M. and Hopwood. O. A.. Nature. 274. 398 (1978); Hinnen. 
A Hicks J B and Fink. G. R.. Proc. Natl. Acad. Sd. USAi 75. 1929 (1978)): Also, an electric pulse method (Japanese 
Patent Application Laid-Open No. 2-207791 (1990)) may be used. The introduction. method may be suitably selected 
depending oathe.host. Specifically, the vector and the method are exemplified by those descnbed in the above (1) (2). 
[0052]. . The'terms -having an ability to produce L-leucine- used herein means to accumulate L-leucine in a medium, 
preferably, in an amount such that L-leuctne can be easily recovered froni the medium. 

[0053] The bacterium of the present invention preferably belongs to the genus Bscherichia. It may be exemplified 
by Escherichia coU. A bacterium belonging to the genus. Escherichia which has an ability to produce L-leucine is exem- 
plified for example, by bacteria having a resistance to leucine analog such as p-2-thlenylalanine..3-hydroxyleucine, 4- 
azaleucine and 5.5.5-trifluoroleucine. which, are described Jn Japanese Patent Publication No. 62-34397 (1987) and 
Japanese Patent Application Laid-Open No. 8.70879 (1996). and by.bacterium which can be bred by genetic engineer- 
inq techniques as described in WO96/06926. . ; ■ 

[00541 . In a bacterium belonging to the genus Escherichia. L-leucine Is synthesized through biosynthetic pathway 
inherent to L-leucine which diverges from the final intermediate (2.ketoisovalerate) of L-valine biosynthesis system, n 
a bacterium belonging to the genus Escherichia, the final step of L-valine biosynthesis and biosynthesis inherent to L-. . 
leucine are carried out by a group .of enzymes encoded by 7/vGMeDA operon and those encoded by ieuABCD operpn. 

[oSsV ^^'^^^^ leuABCD operon includes teuA. leuB, leuC and leuD genes. Among them, leuA encodes IPMS. leuB^. 
encodes p-Jsopropylmalate dehydrogenase. feuCan6 leuD encodes a-isopropylmal ate isome rase. Of these enzymes, 
IPMS catalyzes the synthetic reaction from a-ketoisovalerate to a-isopropylmalate. a-isopropylmalate isomerase. cata- 
lyzes the isomerizatlon reaction from p-isopropylmalate to a-isopropy)maIate and p-isopropylmalate dehydrogenase 
catalyzes the dehydrogenation reaction from p-isopropylmalate to a-ketotsocaproic acid which is the final intermediate 

of L-leucine biosynthesis. ^ . . ^ • ^^.^ 

[0056] Of above-mentioned reactions in the L-leucine biosynthetic pathway, the-rate determining step is the syn-^ 
thetic reaction from a-ketoisovalerate to a-isopropylmalate catalyzed by a-isopropylmalate synthase which suffers feed- 
back inhibition by L-leudne. Therefore, transformation with the DNA coding for IPMS desensitized in the feedback 
inhibition can impart the ability to produce L-leucine to a microorganism or improve the ability to produce L-teuclne of a 

microorganism. ' ' . . ' '\. "J* 

[0057] The bacterium belonging to the genus Escherichia of the present invention may be enhanced in activity of 
one or more enzymes of L-leucine biosynthetic pathway by usual mutation treatment or genetic engineering techniques. 
Such an enhancement of the activity of the enzyme may be perfomied by. introduction of recombinant DNA which is 
obtained by inserting a DNA fragment having an entire or a partial //vGMHDA operon and/or leuABCD operon mto a 
plasmid. phage or transposon to a bacterium belonging to.the genus Escherichia. . _ 

[0058] The analysis of the nucleotide sequence of leuABCD operon was described in Nucleic Acid Res.. 20, 3305- 
3308 (1992) The entire sequence of leuABCD operon has been registered in the database (DDBJ accession no. 
D10483. internet address of DDBJ: http://www.ddbj.nig.ac.jp). A DNA fragment having teuABCD operon can be 
obtained by amplifying the DNA fragment in accordance with PGR (polymerase chain reaction, refer to White. TJ.,et al.. 
Trends Genet., 5.185 (1989)) In which oligonucleotides prepared on the basis of the above described sequences are 
used as primers and chromosomal DNA -of a bacterium belonging to the genus Escherichia is used as template for. 
PGR Alternatively leuABCD operon can also be obtained by. screening a chromosomal DNA library of a bactenum 
belonging to the genus Escherichia in accordance with hybridization by using an oligonucleotide probe prepared on the 
basisof the above described.sequences. . ' 
[0059] The entire nucleotide sequence of ilvGMEDA operon and the nucleotide sequence of upstream region of the 
operon are described in Nucleic Acid Res., 15. 2137-2155 (1987) and Gene. 97. 21-27 (1991). respectively A DNA 
fragment having ilvGMEDA operon can be obtained by PGR or hybridization using oligonucleotide probe or primers 
prepared on the basis of the above described sequence. Incidentally, in the case of using Escherichia coU K-12 or its 
derivative to obtain ilvGMEDA operon, ft is preferable to use a strain having a reverse mutation of ilvG gene in which 
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the frame is restored so as to recover the activity of the acetohydroxy acid synthase. The methods for obtaining 
f/vGMEDA operon and the method for amplifying the operon in a cell of a bacterium belonging to the genus Escherichia 
are fully described in WO96/06926 and FR 2627508, respectively. 

5 <3) Method for producing L-leucine 

[0060] L-Leucine can be efficiently produced by cultivating the bacterium which can be obtained as described 
above in a culture medium, producing and accumulating L-leucine in the medium, and recovering L-Jeucine from the 
medium. 

10 [0061] ^ In the method of present invention, the cultivation of the bacterium belonging to the genus Escherichia, the 
collection and purification of L-leucine from the liquid medium may be performed in a manner similar to the conventional 
fermentation method by which L-leucine is produced using a bacterium. A medium used in culture may be either a syn- 
thetic medium or a natural medium, so long as the medium includes a carbon and a nitrogen source and minerals and, 
if necessary, a suitable amount of nutrients which th6 bacterium used requires for growth. The carbon source may 

IS include one or more of various carbohydrates such as glucose and sucrose, and various organic acids. Regarding the 
mode of assimilation of the used bacterium, alcohol including ethanol and glycerol may be used. As the nitrogen 
source, it is possible to use various ammonium salts such as ammonia and ammonium sulfate, other nitrogen com- 
pounds such as amines, a natural nitrogen source such as peptonie, soybean hydrolyte or digested fermentative 
microbe. As minerals, potassium phosphate, magnesium sulfate, sodium chloride, ferrous sulfate, manganese sulfate, 

20 or calcium carbonate may be used. 

[0062] The cultivation is performed preferably under aerobic conditions such as a shaking culture, and an aeration 
and stin'ing culture, at a temperature of 20 to 40*'C, preferably between 30 and 3B*»C. The pH of the culture is usually 
between 5 and 9, preferably between 6.5 and 7.2. The pH of the culture can be adjusted with ammonia, calcium car- 
bonate, various acids, various bases, and buffers. Usually, cultivation for 1 to 3 days leads to the accumulation of the 

25 target L-leucine in the liquid medium. 

[0063] After cultivation, insoluble substances such as cells are removed from the liquid medium by centrifugatlon 
and membrane filtration, and then the target L-leucine can be collected and purified by ionexchange, concentration and 
precipitation. 

[0064] A microorganism of the present invention can be utilized as L-leucine producing strain or starting source for ^ 
30 breeding of L-leuclrie producing strain. The present Invention make it possible to produces L-leucine more efficiently In 
comparison with a formerly known method of producing L-leucine using a microorganism. 

Examples * ■ - 

35 [0065] The present invention will be more concretely explained below with reference to Examples. 
Example 1: Qbtainino of DNA codino for mutant IPMS 

(1) Obtaining of L-leucine-prod ucino strains 

40 ■ 

[0066] The Strains of Escherichia coii, producing' L-leucine, were obtained from the standard laboratory wild-type 
strain E. coii K-12 by selection as described below. Cells of the strain E. cdi K-12 were treated by solution of mutagen, 
containing 0.2 mg/ml N-methyl-N -nitro-N-nitrosoguanidine, for 30 min at 37*C, Then the cells were washed twice with 
NaCI solution (0.8%) and were spread on M9 agar medium dishes, containing 1 mg/ml of analog of L-leucine. 4-azal- 
45 eucine. Colonies arisen after 5 days of incubation at 37"C were picked up and the their capability of leucine production 
was tested. The strains No. 9, No. 68, No. 58, No. 55, and No. 15 produced L-leucine. 

(2) Obtaining of leuA oene from L-leucine-oroducing strains 

so [0067]' The ieuA gene of the obtained leucine-produdng mutant No. 55 and that of the wild-type strain E. co// K-1 2 
were cloned by the in vivo cloning method using defective bacteriophage Mu dSOOS (Groisman, E.A. et al., J. Bacterid., 
168, 357 (1986)). Then overlapping fragments of thus cloned teu>A gene were amplified by means of the PCR method, 
using the DNA primers, LeuAl and LeuA2, LeuA3 and LeuA4, LeuA5 and LeuA6, LeuA7 and LeuA8, and LeuA9 and .. 
LeuA1 0, respectively, shown in Table 1 . 

55 
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Table 1 



Primers used for PGR 


N 


Structure (5"->3') . 


SEQ ID NO. 


LeuAl 


ccaataccgtccoccggc - 


... 3. 


LeuA2 


ggtgaaatacagcctgacc. . 


- 4 . 


LeuA3 


gtgatgcggttaattgcctg. 


5 .^..^ 


LeuA4 


tgacctctcgttcggggcgt 


6. 


LeuAS 


gattcagctggatttggttc 


. 7 . . 


LeuA6 


cgacgatttgggcxjtggcg — 


. 8 . ^ : 


LeuA7 ■ 


ggcatgtaccgccgccagtga . 


. 9 


LeuAS 


gaagccttccgtattcatacc 


10.. 


LeuA9 


cagcttggtggcgatgtgc , 


• "'■V 


LeuAlO 


gcccgaagcgaggcgctct 


' • 12 



[0068] The same DNA primers were used for amplification of the leuA genes from the chromosomes of the strains 
No. 9. No. 68, No. 58, and No. 15 without preliminarily cloning. The nucleotide sequences of the fragments were deter- 
25 mined by dldeoxy chain temnination method. 

[0069] The leuA genes from the strains No. 9, No. 68, No. 58, No. 55, and No. 15 contained mutations, Indicated in 
the Table 2. 

[0070] Cells of the strains were grown for 1 0 hours at 32*'C in the medium containing glucose (6%), ammonium sul- 
fate (1.6%), potassium dihydrophosphate (0.2%), magnesium sulfate (0,1%), chalk (2.5%), and thiamine (0.1 mg/l). 
30 Cell-free extracts were obtained by sonlcation and ammonia sulfate precipitation was used as an enzyme preparation. 
Specific IPMS activity was determined by the method of Kohlhaw et al. (J. Biol. Chem., 244, 2218 (1969)). I50 is a leu- 
cine concentration which causes 50% inhibition of the enzyme activity. L-Leuctne production was determined after 48 
hours of cultivation in the medium indicated above. 
[0071] The results are summarized in Table 2. 

35 



Table 2 



Properties of the L-leucine-producing mutants 


Strain 


Substitution of amino 
acid (Sut)stitution of 
nucleotide) 




Leucine production (g/l) 






Specific Activity 
(nmol/min/mg protein) 


I50 (mM) 




K-12(wild) 


None (none) 


9 


0.2 


0.0 


9 


Thr4a2~>"e {0^A4S■^'^ 


25 


1.4 


0.8 


68 


Glu386->Lys (G^156-»A) 


21 


1.4 


2.3 


58 


Pr0428->Leu (Ci283-»"n 


29 


2.5 


1.0 


55 


Gly479-*Cys (Gi435->T) 


10 


8.2 


5.2 


15 


G'y4e2->Asp (Gi385-»A) 


9 


>10.0 


1.0 



55 

Example 2: Production of L-leucine by transformants 

[0072] E. coli C600 (ieu ) (Appleyard R.K., Genetics, 39, 440-452 (1954)) was transduced by PI phages grown on 
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leucine-producing strains No. 9, No. 68. No. 58. No. 55 and No. 15, and E. coli K-12. Leu"** transductants were obtained 
and tested for the ability to produce L-leucine. The data are present in Table 3. 



- Tables 



Production of L-leucine by transductants 


Donor strain 


Leucine production* (g/l) 


E. CO// K-12 


0 


9 


0.55 


68 


0.6 


58 


-0.3 - 


15 


1.0 


55 - 


-—1.3 



* L- Leucine production was determined 
after 48 hours of cultivation at i32*C. The 
data of production present average of IQ- 
transductants of each type. . .. 



25 



30 



35 



40 
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- SEQUENCE LISTING 
<H0> Ajinomoto Co., Inc. 

<120> DNA CODING FOR MUTANT ISOPROPYLMALATE SYNTHASE, L-LEUCINE-PRODUCING 
MICROORGANISM AND ^tTHOD FOR PRODUCING L-LEUCINE 

<130> EPA-53417 

<150> RU 99114325 
<151> 1999-07-09 

<160> 12 

<210> 1 

<211> 1572 

<212> DNA 

<213> Escherichia coli 

<220> 

<221> COS 

<222> (1)..(1569X 

<400> 1 

atg age cag caa gtc att att tie gat acc aca ttg cgc gac ggt gaa 48 

Met Ser Gin Gin Val He He Phe Asp Thr Thr Leu Arg Asp 61 y Glu 

1 5 10 15 

cag gcg tta cag gca age ttg agt gtg aaa gaa aaa ctg caa att gcg 96 

Gin Ala Leu Glh Ala Ser Leu Ser Val Lys Glu Lys Leu Gin He Ala 

20 25 30 

ctg gcc ctt gag cgt atg ggt gtt gac gtg atg gaa gtc ggt ttc ccc 144 

Leu Ala Leu Glu Arg Met Gly Val Asp Val Met Glu Val Gly Phe Pro 

35 40 45 . . 

gtc tct teg ccg ggc gat ttt gaa teg gtg caa acc ate gcc cgc cag 192 

Val Ser Ser Pro Gly Asp Phe Glu Ser Val Gin Thr He Ala Arg Gin 

50 ' 55 60.. 

gtt aaa aac age cgc gta tgt gcg tta get cgc tgc gtg gaa s^aa gat 240 
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10 



30 



40 



45 



50 



Val Lys Asn 
65 

ate gac gtg 
lie Asp Va1 

cat acc ttt 
His Thr Phe 

age acg ctg 
Ser Thr Leu 
115 

gcc cgt aat 
Ala Arg Asn 

130 
cgt aca ccc 
Arg Thr Pro 
145 

gcc ggt gcc 
Ala Gly Ala 

ccg ttt gag 
Pro Phe Glu 

aac ate gac 
Asn lie Asp 

195 

ctg gcg gtc 
Leu Ala Val 

210 
gtg gaa ggc 
Val Glu Gly. 
225 

ctg gaa gaa 
Leu Glu Glu 

gtc cac ace 
Val His Thr 

gtt age cag 
Val Ser Gin 
275 



Ser Arg 

gcg gcc 
Ala Ala 
85 

att gcc 
lie Ala 
100 

gac gag 
Asp Glu 

tac acc 
Tyr Thr 

att gcc 
lie Ala 

acc acc 
Thr Thr 
165 
ttc gcc 
Phe Ala 
180 

aaa gcc 
Lys Ala 

gga aac 
Gly Asn 

gca atg 
Ala Met 

gtc ate 
Val He 
245 
gcc att 
Ala lie 
260 ^ 
att tgt 
IleCys 



Val Cys Ala 
70 

gaa tec ctg 
Glu Ser Leu 

act teg oca 
Thr Ser Pro 

gtg ate gaa 
Val lie Glu 
120 

gat gat gtt 
Asp Asp Val 

135 
gat ctg gcg 
Asp Leu Ala 
150 

ate aac att 
He Asn He 

gga ate ate 
Gly lie lie 

att ate tec 
He He Ser 

200 

tea ctg gcg 
Ser Leu Ala 

215 
aac ggg ate 
Asn Gly. He 
230 

atg gcg ate 
Met Ala He 

aat cac cag 
Asn His Gin 

aat atg ccg 
Asn Met Pro 
280 



Leu Ala Arg Cys Val Glu 
75 

gcc gaa gcc ttc 
Ala Glu Ala Phe 



aaa gtc 
Lys Val 
90 

atg cac 
Met His 
105 

cgc get 
Arg Ala 

gaa ttt 
Glu Phe 

cga gtg 
Arg Val 

ccg gac 
Pro Asp 
170 
age ggc 
Ser Gly 
185 

gta eat 
Val His 

gcg gta 
Ala Val 

ggc gag 
Gly Glu 

aaa gtt 
Lys Val 
250 
gag ata 
Glu He 
265 • 
ate ccg 
He Pro 



ate gcc 
He Ala 

ate tat 
He Tyr 

tet tge 
Ser Cys 
140 
gtc gaa 
Val Glu 
155 

ace gtg 
Thr Val 

ctg tat 
Leu Tyr 

acc cac 
Thr His 

cat gcc 
His Ala 
220 
cgt gee 
Arg Ala 
235 

cgt aag 
Arg Lys 



acc aag 
Thr Lys 
110 
atg gtg 
Met Val 
125 

gaa gat 
Glu Asp 

geg gcg 
Ala Ala 

ggc tac 
Gly Tyr 

gaa cgc 
Glu Arg 
190 
gac gat 
Asp Asp 
205 

ggt gca 
Gly Ala 

gga aac 
Gly Asn 

gat att 
Asp He 



tgg cgc acc age 
Trp Arg Thr Ser 
270 

gca aac aaa gcc 
Ala Asn Lys Ala 
285 



Lys Asp 
80 

cgt att 
Arg He 
95 

ctg cgc 
Leu Arg 

aaa cgc 
Lys Arg 

gcc ggg 
Ala Gly 

att aat 
He Asn 
160 
acc atg 
Thr Met 
175 

gtg cet 
Val Pro 

ttg ggc 
Leu Gly 

cgc cag 
Arg Gin 

tgt tec 
Cys Ser 
240 
etc aac 
Leu Asn 
255 

cag tta 
Gin Leu 

att gtt 
He Val 



288 



336 



384 



432 



480 



528 



576 



624 



672 



720 



768 



816 



864 



55 
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10 



25 



45 



50 



ggc 


age 


ggc 


gca ttc 


gca 


cac 


tec 


tec 


ggt 


ata cac cag 


gat 


ggc gtg 


912 


Gly 


Ser 


Gly 


Ala Phe 


Ala 


His 


Ser 


Ser 


Gly 


He His Gin 


Asp 


Gly Val 






290 








295 








300 








ctg 


aaa 


aac 


cgc gaa 


aac 


tac 


gaa 


ate 


atg 


aca cca gaa 


tct 


att ggt 


960 


Leu 


Lys 


Asn 


Arg Glu 


Asn 


Tyr 


Glu 


He 


Met 


Thr Pro Glu 


Ser 


He Gly 




305 








310 










315 




320 




ctg 


aac 


caa 


ate cag 


ctg 


aat 


ctg 


ace 


tct 


cgt teg ggg 


cgt 


gcg gcg 


1008 


Leu 


Asn 


Gin 


lie Gin 


Leu 


Asn 


Leu 


Thr 


Ser 


Arg Ser Gly 


Arg 


Ala Ala 










325 










330 






335 




gtg 


aaa 


cat 


cgc atg 


gat 


gag 


atg 


ggg 


tat 


aaa gaa agt 


gaa 


tat aat 


1056 


Val 


Lys 


His 


Arg Met 


Asp 


Glu 


Met 


Gly 


Tyr 


Lys Glu Ser 


Glu 


Tyr Asn 










340 . 








345 


.J 




350 


• 




tta 


gac 


aat 


ttg tac 


gat 


get 


ttc 


ctg- 


aag 


ctg gcg gac 


aaa 


aaa ggt 


1104 


Leu 


Asp 


Asn 


Leu Tyr 


Asp 


Al.a 


Phe 


Leu. 


Lys. 


Leu. Ala Asp. 


Lys 


Lys Gly 








355 








360 






365 








cag 


gtg 


ttt 


gat tac gat 


ctg 


gagjgcg 


ctg 


gcc ttc ate 


ggt 


aag cag 


1152 


Gin 


Val 


Phe 


Asp Tyr Asp. 


Leu 


Glu 


Ala 


Leu 


Ala. Phe He 


Gly 


Lys Gin 






370 








375 








380^ 








caa 


gaa 


gag 


ccg gag 


cat 


ttc, cgt 


ctg 


gat 


tac ttc age 


gtg 


cag tct 


1200 


Gin 


Glu 


Glu. 


Pro Glu. His 


Phe^Arg 


Leu 


Asp 


Tyr Phe. Serf Val 


Gin Ser 




385 








390 










395 ?' 




400 




ggc 


tct 


aac 


gat ate gee 


acc gcc 


gcC; 


gtc 


aaa ctg gcc 


tgt 


ggc gaa 


1248 


Gly 


Ser 


Asn 


Asp. He Ala 


Thr Ala 


Ala 


Val 


Lys Leu Ala 


Cys 


Gly Glu 










, 405, 










410 






415 




gaa 


gtc 


aaa 


gca gaa 


gcc 


gcc 


aac 


ggt 


aac 


ggt ccg gtc 


gat 


gcc . gtc 


1296 


Glu 


Val 


Lys 


Ala Glu .Ala 


Aids Asn 


Gly 


Asn 


Gly Pro Val 


Asp 


Ala Val 










420 








425 






430 






tat 


cag 


gca 


att aac cgc 


ate act 


gaa 


tat 


aac gtc gaa 


ctg 


gtg aaa 


1344 


Tyr 


Gin 


Ala 


He Asn Arg 


HeJhr 


Glu 


Tyr 


Asn Val : Glu 


Leu 


Val Lys 








435 








440 






' . 445 








tac 


age 


ctg 


acc gee 


aaa 


gge 


cac 


ggt 


aaa 


gat gcg ctg 


ggt 


cag gtg 


1392 


Tyr 


Ser 


Leu. 


Thr Ala Lys 


Gly^His 


Gly; 


Lys 


Asp Ala Leu 


Gly 


Gin Val 






450 








455 








460 








gat 


ate 


gtc 


get t aac tac 


aaci ggt 


cgc 


cgc 


ttc cac ggc 


gtc 


ggc ctg 


1440 


Asp 


He 


Val 


Ala Asn Tyr 


Asn Gly 


Arg 


Arg 


Phe His Gly 


Val 


Gly Leu 




465 








470 










475 




480 




get 


acc 


gat 


att gtc gag 


tea tct 


gcc 


aaa 


gcc atg gtg 


cac 


gtt ctg 


1488 


Ala 


Thr 


Asp 


He Val 


Glu 


Ser, Ser 


Ala 


Lys 


Ala Met- Val 


His 


Val Leu. 










485 










490 






495 




aac 


aat 


ate 


tgg cgt. gcc 


gca 


gaa 


gtc 


gaa 


aaa gag ttg 


caa 


cgc aaa 


1536 


Asn 


Asn 


He 


Trp Arg Ala 


Ala Glu 


Val 


Glu 


Lys Glu Leu 


Gin 


Arg Lys 





55 
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:500 505 510 

get caa cac aac gaa aac aac aag gaa acc gtg tga 
Ala Gin His Asn Glu Asn Asn Lys Glu Thr Val 
515 520 

<210> 2 
<211> 523 
<212> PRT 

<213> Escherichia coli 

<400> 2 ' ' 

Met Ser Gin Gin Val He lie Phe Asp Thr Thr Leu Arg Asp Gly Glu 

1 5 -^10 15 

Gin Ala Leu Gin Ala Ser Leu Ser Val Lys Glu Lys Leu Gin He Ala 

20 25 30 

Leu Ala Leu ..Glu Arg Met Gly Val Asp Val Met Glu Val Gly Phe Pro 

35:. 40 - - 45 

Val Ser Ser Pro Gly Asp Phe Glu Ser Val Gin Thr He Ala Arg Gin 

50 55 60 

Val Lys Asn Ser Arg Val Cys Ala Leu Ala Arg Cys Val Glu Lys Asp 
65 70 75 80 

lie Asp Val 'Ala Ala Glu Ser Leu Lys Val Ala Glu Ala Phe Arg He 

85 90 95 

His Thr Phe He Ala Thr Ser Pro Met His He Ala Thr Lys Leu Arg 

100 . ^.105 ' ^110 

Ser Thr Leu Asp Glu Val He Glu Arg Ala He Tyr Met Val Lys Arg 

115 120 125 

Ala Arg Asn Tyr Thr Asp Asp Val Glu Phe Ser Cys Glu Asp Ala Gly 

130 135 ^ 140 

Arg Thr Pro He Ala Asp Leu Ala Arg Val Val Glu Ala Ala He Asn 
145 150 ' 155- 160 

Ala Gly Ala Thr Thr He Asn He Pro Asp Thr Val Gly Tyr Thr Met 

165 170 175 

Pro Phe Glu Phe Ala Gly He He Ser Gly Leu Tyr Glu Arg Val Pro 

180 . I 185 190 

Asn He Asp Lys Ala He He Ser Val His Thr His Asp Asp Leu Gly 

195 . 200 205 

Leu Ala Val Gly.Asn Ser Leu Ala Ala Val His Ala Gly Ala Arg Gin 

210 • ' 215 220 

Val Glu Gly Ala Met;Asn Gly Ue Gly Glu Arg Ala Gly Asn Cys Ser 
225 230 235 . 240 
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Leu 


Glu 


Glu 


Val 


He 


Met 


Ala 


He 


Lys Val Arg L>s Asp He 


Leu 


Asn 










245 








250 


255 




Val 


His 


Thr 


Ala 


He 


Asn 


His 


Gin 


Glu He Trp Arg Thr Ser 


Gin 


Leu 








260 










265 270 






Val 


Ser 


Gin 


lie 


Cys 


Asn 


Met 


Pro 


He Pro Ala Asn Lys Ala 


He 


Val 






275 










280 


285 






Gly 


Ser 


Gly 


Ala 


Phe 


Ala 


His 


Ser 


Ser Gly He His Gin Asp 


Gly 


Val. 




290 










295 




300 






Leu 


Lys 


Asn 


Arg 


Glu 


Asn 


Tyr 


Glu 


He Met Thr Pro Glu Ser 


He 


Gly 


305 










310 






315 




320 


Leu 


Asn 


Gin 


He 


Gin 


Leu 


Asn 


Leu 


Thr Ser Arg Ser Gly Arg 


Ala 


Ala 










325 








330 


335 




Val 


Lvs 


His 


Arq 


Met 


Asp 


Glu 


Met 


Gly Tyr Lys Glu Ser Glu 


Tyr 


Asn 








340 










345 350 






Leu 


Asp 


Asn 


Leu 


Tvr 


Asp 


Ala 


Phe 


Leu Lvs Leu Ala Asd Lvs 


Lvs 


Gly 






355 










360 


365 






Gin 


Val 


Phe 


Asp 


Tvr 


Asp 


Leu 


Glu 


Ala Leu Ala Phe He Glv 


Lvs 


Gin 




370 










375 




380 






Gin 


Glu 


Glu 


Pro 


Glu 


His 


Phe 


Ara 


Leu Asp Tyr Phe Ser Val 


Gin 


Ser 


385 










390 






395 




400 


Glv 


Ser 


Asn 


Asp 


He 


Ala 


Thr 


Ala 


Ala Val Lys Leu Ala Cys 


Gly 


Glu 










405 








410 


415 




Glu 


Val 


Lys 


Ala 


Glu 


Ala 


Ala 


Asn 


Gly Asn Gly Pro Val Asp 


Ala 


Val 








420 










425 430 






Tyr 


Gin 


Ala 


lie 


Asn 


Arg 


He 


Thr 


Glu Tyr Asn Val Glu Leu 


Val 


Lys 






435 










440 


445 






Tyr 


Ser 


Leu 


Thr 


Ala 


Lys 


Gly 


His 


Gly Lys Asp Ala Leu Gly 


Gin 


Val 




450 










455 




460 






Asp 


lie 


Val 


Ala 


Asn 


Tyr 


Asn 


Gly 


Arg Arg Phe His Gly Val 


Gly 


Leu 


465 










470 






475 




480 


Ala 


Thr 


Asp 


lie 


Val 


Glu 


Ser 


Ser 


Ala Lys Ala Met Val His 


Val 


Leu 










485 








490 


495 




Asn 


Asn 


He 


Trp 


Arg 


Ala 


Ala 


Glu 


Val Glu Lys Glu Leu Gin 


Arg 


Lys 








500 










505 510 






Ala 


Gin 


His 


Asn 


Glu 


Asn 


Asn 


Lys 


Glu Thr Val 







515 520 



<210> 3 
<211> 18 
<212> DNA 

<213> Artificial Sequence 
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35 



40 



<220> 

<223> Synthetic DNA 
<400> 3 

ccaataccgt cccccggc 18 



w <210> 4 

<211> 19 



<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA " ^ ^ 
<400> 4 ' 

ggtgaaatac agcctgacc. , 19 



<210> 5 

^ <211> 20 



<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 5. ' ' . 

gtgatgcggt taattgcctg 20 
<210> 6 

<211> 20 . : . . 

<212> DNA . : 

<213> Artificial Sequence 

<220> 

<223> Synthetic DNA 
<400> 6 

tgacctctcg ttcggggcgt 2.0 
<210> 7 
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<2n> 20 
<212> DNA 

5 <213> Artificial Sequence 

. <220> 
<223> Synthetic DNA 

10 

<400> 7 

gattcagctg gatttggttc 

,5 <210> 8 

<211> 19 
<212> DNA 

<213> Artificial Sequence 

20 

<220> 

<223> Synthetic DNA 
<400> 8 

25 

cgacgatttg ggcctggcg 

<210> 9 
<211> 21 
^ <212> DNA 

<213> Artificial Sequence 

<220> 

^ <223> Synthetic DNA 

<400> 9 

ggcatgtacc gccgccagtg a 

<210> 10 

<211> 21 

<212> DNA 

<213> Artificial Sequence 

<220> 

•<223> Synthetic DNA 

50 

<400> 10 
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gaagccttcc gtattcatac c 21 

<210> 11 

<211> 19 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 

<400> 11 

cagcttggtg gcgatgtgc 19 

<210> 12 
<211> 19 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic DNA 
<400> 12 

gcccgaagcg aggcgctct 19 



Claims 

1 . A polypeptide being a variant of the amino acid sequence shown in SEQ ID NO: 2, said variant having an a-isopro- 
pylmalate synthase activity and showing decreased feedback inhibition of the activity by L-leucine. 

2. The polypeptide according to claim 1. which allows the production of L-leucine In a microorganism containing said 
polypeptide. 

3. The polypeptide according to claim 2. which allows the production of at least 0.3 g/l of leucine after 48 hours of cul- 
tivation at 32 *^C. 



4. The polypeptide according to any of the preceding claims, wherein the leucine concentration causing 50 % inhibi- 
tion of the a-isopropylmalate synthase activity is at least 7 times the concentration of leucine causing 50 % inhibi- 
tion of the wild type polypeptide. 

5. The.polypeptide according to any of the preceding claims, which has a specific activity equal to or higher than the 
specific activity of the wild type polypeptide. 

6. The polypeptide according to any of the preceding claims, which has a specific activity of at least 9 nmol/(min x mg 
protein). 
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7. The polypeptide according to any of the preceding claims, which contains a substitution, deletion, insertion and/or 
addition of one or nnore annino add residue(s) compared to the wild type polypeptide. ^ - ~ 

8. The polypeptide according to any of the preceding claims, wherein one or more of the following amino acid residues 
are substituted by another amino acid residue: threonine residue at position 482, glutamic acid residue at position 
386, proline residue at position 428. glycine residue at position 479, and glycine residue at position 462. 

9. The polypeptide according to claim 8, wherein the substitutions are as follows: 

substitution of an isoleucine residue for the threonine residue at position 482; 
substitution of a lysine residue for the glutamic acid residue at position 386; ■ ' 
substitution of a leucine residue for the proline residue at position 428; 
substitution of a cysteine residue for the glycine residue at position 479; and 
substitution of an aspartic acid residue for the glycine residue at position 462. 

10. A DNA coding for a polypeptide according to any of the clainr^ 1 to 9. 

1 1 . A vector containing the DNA according to claim 10. 

12. A microorganism containing the' DNA* according to claim 1 0 or the vector according to daim 11. 

13. A method for producing L-leucine which comprises culturing a microorganism as defined in claim 12 
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